Abstract. Small steady-state deformational oscillations of a drop of magnetic liquid in a nonstationary uniform magnetic field are theoretically investigated. The drop is suspended in another magnetic liquid immiscible with the former. The Reynolds number is so small that the inertia can be neglected. The variation of the magnetic field is so slow that the quasi-stationary approximation for the magnetic field and the quasi-steady approximation for the flow may be used.
Introduction
A non-stationary magnetic field applied to a drop of a magnetic liquid suspended in an ordinary liquid or to a drop of an ordinary liquid suspended in a magnetic liquid causes a motion of the liquids inside and outside the drop. Investigation of this phenomenon is interesting from the point of view of application to the actuation of motion of liquids in various devices including microfluidic ones. Besides, the study of this phenomenon is interesting from the point of view of basic science.
Results of experimental investigation of the behavior of magnetic liquid drops are presented in a number of works (see [1] for the references). For the theoretical description of the behavior of a magnetic liquid drop, models based on rather strong assumptions about the shape of the drop and about the flow inside and outside it were used [1] . The goal of the present work is to solve the problem about the shape of the drop and flow inside and outside it without the use of similar assumptions. Within this approach, the shape of the drop is determined by equations obtained with the help of asymptotic methods from the system of equations and boundary conditions that determine the magnetic field and the flow. In order to provide the applicability of the asymptotic methods, the scope of the present theoretical investigation is restricted by the case of weakly deformed drops.
Setting of the problem

Object of investigation
Consider a drop of incompressible magnetic liquid in an applied non-stationary uniform magnetic field with e-mail: tan@imec.msu.ru intensity H a = H a (t), where t is the time. The viscosity and magnetic permeability of the liquid inside the drop are η i and µ i . The radius of the drop in the undeformed state is a. The drop is suspended in an incompressible magnetic liquid with the viscosity η e and magnetic permeability µ e . The surface tension of the interface between the liquids is σ s . The liquids are regarded as sufficiently viscous for the small Reynolds number approximation to be valid. The variation of the magnetic field is regarded as sufficiently slow and the conductivities of the liquids are regarded as sufficiently small for the magnetic field due to the variation of magnetic field and the electric current in the liquid can be neglected, i.e., for the approximation of ferrohydrodynamics to be valid (see [2] ).
System of equations
In order to find the drop shape, magnetic field intensity, H, velocity, v, and pressure, p, as functions of the radius-vector, r, and time, t, under the above made assumptions, the system of equations of ferrohydrodynamic written down for magnetic fields in the quasi-stationary approximation and for flows in the quasi-steady approximation is used. This system consists of the continuity equation for an incompressible liquid
the motion equation in the small Reynolds number and quasi-steady flow approximations
the Maxwell's equations in the ferrohyrodynamics and quasi-stationary field approximations 
Here, the formulas are written down for Gaussian system of units, · and × denote the scalar and vector products, B is the magnetic induction, η = η i and µ = µ i inside the drop, η = η e and µ = µ e outside it, ∇ is the nabla operator,Î is the identity tensor, σ m andσ v are the tensors of magnetic and viscous stresses expressed as followŝ
where A B denotes the dyadic product of the vectors A and B, ∇ f denotes the dyadic product of the nabla operator and the vector field f = f ( r),T T denotes the transpose of the tensorT ,
T denotes the symmetric part of the second order tensorT . Using the continuity equation Eq. (1) and Maxwell's equations Eq. (3) and taking into account that the magnetic permeability is uniform, the motion equation Eq. (2) can be rewritten (see, e.g., [2] ) in the form of the Navier-Stokes equation in the small Reynolds number approximation
where ∆ is the Laplacian.
Boundary conditions
The boundary conditions on the interface between the liquids include the impenetrability condition
the no-slip condition
the conditions for the jumps of the normal and tangential components of the stress vector
the continuity conditions for the tangential component of the magnetic field intensity
and for the normal component of the magnetic field induction B s · n = 0.
Here, A| i and A| e denote the values of the quantity A on the interface between the liquids approached from inside and outside the drop, respectively, [A] s = A| e − A| i denotes the jump of the quantity A at the interface when moving from the inside to the outside, n is the external normal unit vector at a given point of the interface, v sn is the normal component of the velocity of the surface of the drop at a given point, H is the mean curvature at a given point of the surface of the drop. Note that the definition of the mean curvature used in the present work is such that it takes negative values on the surface of a convex domain. The continuity conditions for the normal component of the magnetic induction Eq. (13) and for the tangential component of the magnetic field intensity Eq. (12) allow determining the following scalar and vector fields defined on the surface of the drop
Using the boundary conditions Eq. (12) 
The boundary conditions at infinity have the form
where p ∞ is the pressure at infinity.
Besides, v( r, t), p( r, t), and H( r, t)
should be bounded for all the bounded values of r.
Deformation of the drop
Let the surface of the drop be given by the following equation
The function h ( r/r, t) can be represented in the form
which excludes displacements of the drop by some vector without variation of its shape. Here,ĥ n =ĥ n (t) (n > 1) are some tensors each of which is an arbitrary irreducible tensor of nth order, i.e., a tensor of nth order symmetric with respect to any pair of indices and such that its contraction with the identity tensor over any pair of indices is equal to zero (see [3] ).
Here and in what follows, b n denotes nth dyadic degree of the vector b (i.e., the (n − 1)-multiple dyadic product of the vector b by itself), n · denotes n-multiple contraction of tensors over the adjacent indices.
Solution
Magnetic field
The intensity of the magnetic field is sought for in the form
where
Here,M en =M en (t) andM in =M in (t) are tensors which are either some vectors for n = 1 or, for n > 1, some irreducible tensors of nth order. For a field given in this form, Maxwell's equations Eq. (3), the constitutive relation Eq. (4), the condition at infinity Eq. (20), and the condition of boundedness of H are automatically satisfied.
Flow
The velocity and pressure in the flow are sought for in the form which can be constructed from general Lamb's solution (cf. [4] , art. 336) for a quasi-steady flow
Here,Ω en =Ω en (t),B en =B en (t),Ĉ en =Ĉ en (t), Ω in =Ω in (t),B in =B in (t),Ĉ in =Ĉ in (t) are some tensors depending on the time each of which is either an arbitrary vector for n = 1 or an arbitrary irreducible tensor for n > 1, p 0 = p 0 (t) is the pressure at the center of the drop, which is to be found.
Asymptotic expansion
The coefficients are sought for in the form of the following asymptotic expansions over the parameter The found nonzero terms of the asymptotic expansions are as followŝ 
